It is well known that Alzheimer's and Parkinson' s diseases are closely related with the aggregated forms of amyloid- peptide and alpha-synuclein (-syn) protein, respectively, and the recent work shows that neurotoxicity due to oligomeric -syn requires the presence of copper but not iron ion. In this article, we have proposed the new insight into the toxicity due to the oligomeric amyloid- peptide and -syn protein induced by the copper(II) ion, based on the Nishida Reaction which is specific for the binuclear copper(II) compounds where two copper(II) ions are in close vicinity, and that copper(II)-peroxide adduct exhibits strong electrophilicity towards several organic compounds similar to the singlet oxygen ( 1  g ).
Dementia is characterized by the loss of or decline in memory and other cognitive abilities. Alzheimer's disease (AD) is the most common type of dementia and accounts for an estimated ~70 % of cases. AD is an irreversible, progressive neurodegenerative disorders leading invariably to death usually within several years of diagnosis (Roberts, Ryan, Bush, Maters, & Duce, 2012; Kenche & Barnham, 2011; Gaeta & Hider, 2005) . The pathognomonic indicators of AD are the presence of senile plaques, neurofibrillary tangles, amyloid- peptide (A) deposition and selective loss of neuron in the post-mortem brain. Deposition of amyloid plaques in AD is most obvious pathological feature; the major constituent of these deposits is the A peptide that is proteolytically cleaved from the membrane bound amyloid precursor protein (APP) (Roberts, Ryan, Bush, Maters, & Duce, 2012; 2012; Kenche & Barnham, 2011) . Many hypotheses have been proposed for the mechanism by which A induces its neurotoxic effects, but at present there is a growing interest in soluble oligomers of A, which have been thought to be most toxic (Kenche & Barnham, 2011) .
Synaptic dysfunction has been implicated as the primary cause of the memory deficits associated with AD, and Cu and Zn have been reported to play key roles in regulating synaptic function (Roberts, Ryan, Bush, Maters, & Duce, 2012) . Cu has been shown to potentiate the toxicity of Ato normal cell cultures, and the A oligomers induced by Zn have been shown to elicit toxic responses in the hippocampal brain. It should be noted here that the synapse is the site where A, Cu, Zn, and Fe ions are present in sufficiently high quantities to promote interaction. Bush et al. have investigated the reaction between amyloid protein and copper (II) ion, and have pointed out that oligomeric A (1-42) binds with copper(II) ions, and this A-Cu complexes generate neurotoxic H 2 O 2 from O 2 (Opaza et al. 2002) , but the reaction mechanism of the H 2 O 2 formation in this process is not known. mechanism of formation and the possible role of insoluble Levy Bodies in the brain of PD patients remain unclear.
Neuronal loss in PD is highly specific with loss of neurons in the Substantia nigra, but it remains controversial as to whether the cause of death is the result of aggregated -syn within cells, toxicity of extracellular -syn or another mechanism. The survival of neurons in the brain containing aggregated -syn clearly indicates that the presence of aggregated -syn is not sufficient for toxicity and that other factors must be involved. Brown et al. reported that the toxic species is likely to be oligomeric -syn, and that extracellular toxicity of -syn requires the interaction with copper which results in the formation a unique type of oligomeric species (Wang, Moulla, Wright, & Brown, 2010; Wright, Wang, & Brown, 2009 ), but detailed mechanism of the toxicity due to copper(II) ions is not elucidated at present.
Oligomeric Proteins and Metal Ions
As discussed above, it has been pointed out that the toxicity due to oligomeric proteins is notable, but the origin of the toxicity due to the oligomers remains unsolved at present. In our previous paper, we have reported that A (1-40) interacts with several copper(II) chelates to induce the formation of copper(II) species with short Cu-Cu distance (~3.0-3.5 A), which are called as a binuclear compound (Kishita, Nishino, & Nishida, 2005) , leading to assumption that such binuclear metal compounds where two metal ins are close vicinity, may form facilely in the reaction mixture of oligomers of protein and metal ions, such as copper or iron ion. It should be noted here that these binuclear metal chelates exhibit unique reactivity in the presence of reducing agents and oxygen (Nishida, 2012b) , as follows. 2+ (see Figure 1 ) can effectively produce hydrogen peroxide in the presence of TMPD (N,N,N',N'-tetramethyl-p-phenylenediamine), one of the famous one-electron donor (Nishida, Takeuchi, Shimo, & Kida, 1985a) . According to the detailed investigation, it has become apparent that formation of hydrogen peroxide proceeds without the change of the oxidation state of iron(III) ion, i.e., reduction to the Fe 2+ state does not occur in the reaction course, instead the electron transfer from TMPD to oxygen occurs concertedly through the formation of the intermediate demonstrated in Figure 2 (Nishida 2004 (Nishida , 2011 (Nishida , 2012a . We also found that [Fe 2 (HPTB)(OH)(NO 3 ) 2 ]
Nishida Reaction Observed for Binuclear Iron(III) Compounds
2+ complex reacts with linolenic acid (one of the unsaturated fatty-acids) and DMPO (one of the spin-trapping reagents for hydroxyl radical) to give the peroxide adduct of linolenic acid and DMPO-OH, respectively (Nishida & Yamada, 1990; Nishida, Nasu, & Akamatsu, 1992) . The latter reactions have been also assumed to proceed via the formation of the intermediate similar to that described in Figure 2 , and these are called as Nishida Reaction. (Nishida, 2004 (Nishida, , 2012a (Nishida, , 2012b 
Nishida Reaction Observed for Binuclear Copper(II) Compounds
The similar reactions as observed for the binuclear iron(III) compounds are also found for the binuclear copper(II) compounds, i.e., some binuclear copper(II) complexes can effectively give hydrogen peroxide in the presence of TMPD, without changing the oxidation state of copper(II) ion Nishida, Oishi, Kuramoto, & Kida, 1982; Nishida, Shimo, Maehara, & Kida, 1985b) . In addition to this, we also reported that some binuclear copper(II) compounds exhibit high activity for two-electron oxidation of catechols and ascorbic acid by O 2 , but this reactivity was never observed for any mono-nuclear copper(II) complexes . Based on these facts, we have concluded that two-electron oxidation of ascorbic acid or catechols proceeds through the formation of intermediate as illustrated in Figure 3 via concerted manner from ascorbic acid or catechols to oxygen without change of the oxidation state of copper(II) ion (Nishida, 2007; 2011; 2012b) , to give hydrogen peroxide. (Abe & Nishida, 2008) Figure 3. Intermediate complex formation among ascorbate (or catechol), binuclear copper(II) complex and oxygen.
Toxicity Due to Oligomeric A Induced by Copper(II) ion
The Nishida Reaction is very specific for the binuclear metal chelates with M-M distance 3.0-3.5 A, i.e., the distance between two metal ions is a very important factor Nishida, Oishi, Kuramoto, & Kida, 1982) . Our report that A (1-40) can interact with several copper(II) chelates to induce the formation of copper(II) species with short Cu-Cu distance (Kishita, Nishino, & Nishida, 2005) , implying that the interaction with oligomeric A and copper(II) ions in plasma may facilely give some copper(II) species with short Cu-Cu distance (Hureus & Faller, 2009) , which can produce hydrogen peroxide in the presence of reducing agents such as ascorbate and catechols, etc. These seem to be quite consistent with the fact that toxicity of A in neuronal culture is catalytic H 2 O 2 production, and A is not toxic in the absence of copper(II) ion, as reported out by Bush et al. (Opaza et al., 2002; Nishida & Nishino, 1999) Figure 3 , i.e., Nishida Reaction, because L-DOPA and dopamine are one of the catecholic compounds.
They also observed that cholesterol is an important substrate for the production of H 2 O 2 , and showed that A:Cu 2+ complex oxidizes cholesterol selectively at the C-3 hydroxy group, catalytically producing 4-cholesten-3-one, similar to the activity of cholesterol oxidase (Puglielli et al. 2005) . We have done DFT calculations for the cholesterol compound, and found that the electronic property of the HOMO of the cholesterol is very similar to those of the unsaturated fatty acids, as shown in Figure 4 . Based on these facts, we have concluded that the oxidation of cholesterol should proceed via the formation of intermediate shown in Figure 4 where oxygen molecule is incorporated through the charge-transfer interaction as proposed for the unsaturated fatty acid (Nishida, 2012d) , to give the 6-hydroperoxy derivative of the cholesterol, degrading to the 4-cholesten-3-one. (see Figure 5) . . Assumed scheme for formation of 4-cholesten-3-one from cholesterol In our previous papers, we have reported that in the presence of hydrogen peroxide some copper(II) complexes show high catalytic activities for degradation of several proteins and for cleavage reaction of DNA (Nishida, 2004 (Nishida, , 2007 (Nishida, , 2011 (Nishida, , 2012b . Based on these facts we may conclude that A toxicity induced by the copper(II) ion can be elucidated as follows; in the presence of some reducing agents, hydrogen peroxide forms facilely in the mixture of oligomeric A and copper(II) ions according to the Nishida Reaction, and this hydrogen peroxide gives serious damages to the peripheral organic compounds such as proteins, DNA, or RNA through forming a Cu(II)-peroxide adduct, which exhibits strong electrophilicity towards several organic compounds similar to singlet oxygen ( 1  g ) (Nishida, 2004; 2007 , 2012b .
Toxicity Due to Oligomeric Alpha-synuclein Induced by Copper(II) ion
Brown et al. have concluded that only aggregated -syn is neurotoxic and requires the presence of copper but not iron ion (Wang, Moulla, Wright, & Brown, 2010; Wright, Wang, & Brown, 2009 ). We would like to propose that the toxic effects on the oligomeric -syn induced by the copper (II) ion should be elucidated by the similar manner as described above for the toxicity of oligomeric A peptides. In addition to above, it should be noted that -syn oligomers bind synthetic phospholipid vesicles much strongly than monomer or fibril (Volles et al. 2001; Ding, Lee, Rochet, & Lansbury, 2002) , suggesting that -syn-Cu 2+ complex can effectively produces peroxides the unsaturated fatty acids in the membrane according to Nishida Reaction, which should induce serious oxidative damages to several organs.
The mechanism of formation and the role of the Levy Bodies in the specific loss of neurons in the brain of PD patients remain unsolved. In our previous papers, we have concluded that amyloid plaques formation is induced by zinc(II) ions in order to protect the toxicity due to non-transferrin-bound iron, and amyloid plaques are itself not toxic. (Nishida, 2012b (Nishida, , 2012c Based on the facts that iron deposition containing several proteins occurs in the presence of a Fe(III) species and hydrogen peroxide (Nishida, 2012c , 2012a , Peng et al., 2010 , it is quite likely that Levy Bodies are produced through the interactions among -syn protein, iron(III) ions and hydrogen peroxide which is derived from the Nishida Reaction, and thus Levy Bodies itself are non-toxic, but at the same time of its formation serious damages to cells are induced by the strong electrophilicity of copper(II)-peroxide and/or iron(III)-peroxide adducts (Nishida, 2007 (Nishida, , 2012a (Nishida, , 2012b , which should be the main origin for the observed specific loss of neurons in the brain of PD patients. The above discussion seems to be quite consistent with the suggestion that -syn acts in concert with iron and dopamine to induce formation of Levy body pathology and cell death in PD (O-Golts et al. 2000) .
Other Neurodegenerative Disorders Which Are Related with Toxicity by Copper(II) ion
The eukaryotic Superoxide dismutase (SOD) contains copper and zinc ions and catalyzes the dismutation of superoxide ion into hydrogen peroxide and oxygen. (Matsumoto & Fridovich, 2002) Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder characterized by the destruction of large motor neurons in the spinal cord and brain (Matsumoto & Fridovich, 2002) , and familial ALS (fALS) cases are known to be closely associated with dominantly inherited mutations in SOD1which induces the facile dissociation of the SOD dimer to monomers. (Rakhit et al. 2004 , Nishida 2007 , 2011 Rakhit et al. have reported that dimeric SOD dissociates to monomers for both wild-type and mutant SOD in the presence of copper (II) chloride and ascorbic acid by the use of DLS, but they did not the show the origin of this fact.
We have demonstrated that dissociation of dimeric SOD facilely proceeds in the presence of hydrogen peroxide (see Figure 7) in terms of capillary electrophoresis method (CE) (Chiba, Sutoh, & Nihsida, 2006) . Since the similar CE changes are observed for the solution containing wild-type SOD, copper(II) chloride and ascorbic acid, and also in the presence of ascorbic acid and several binuclear copper(II) chelates such as H(HPTP) or H 5 (HPTA) (Abe & Nishida, 2008) , we have concluded that the dissociation of the wild-type SOD observed by Rakhit et al. should be induced by the hydrogen peroxide, which is derived from the copper(II) ions and ascorbic acid as described in Figure 3; i.e., in the system containing wild-type dimeric SOD, copper(II) chloride and ascorbic acid, the copper(II) ions added may form the copper(II) chelate with dimeric SOD protein where two copper(II) ions are in close vicinity, and this will give hydrogen peroxide in the reaction with ascorbic acid. 
